Compared to nonbreastfeeding, both exclusive and nonexclusive breastfeeding were associated with beneficial effects on growth and health 
• Nine out of 10 infants in developing countries still receive breast milk between 6 and 12 months. Probability of infection in breastfed infants tends to be lower.
Introduction
Since 2003, the World Health Organization (WHO) has recommended exclusive breastfeeding until 6 months and continuation of breastfeeding until 2 years of age [1] . For low-birth-weight (LBW) infants, breast milk is the preferred nutrition, but supplementation with breast milk fortifiers is highly recommended [2] . The short-and long-term consequences of adequate early nutrition of LBW infants are now the subject of intensive clinical research, but mainly in developed countries. For term infants, international nutrition committees strongly support exclusive breastfeeding until 6 months. The European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) states that exclusive breastfeeding for around 6 months is a desirable goal, but partial breastfeeding as well as breastfeeding for shorter periods of time is also valuable. Continuation of breastfeeding after the introduction of complementary feeding is encouraged as long as mutually desired by mother and child [3] . Different committees of the American Academy of Pediatrics [4, 5] also provide support for exclusive breastfeeding and focus on nutritional benefits, allergy prevention, and other health aspects. For developing countries, there is a clear breastfeeding recommendation for infants until 2 years, but the implementation of the policy in relation to health outcomes is not always properly monitored. In particular, the global health outcomes in relation to introduction of solids, non-milk-based beverages, formula, and cow's milk between 0 and 24 months are less well documented. Our review focuses therefore on growth and health outcomes of LBW and term infants in relation to their feeding until 2 years of age both in developed and developing countries.
LBW Infants
The effects of adequate nutrition of LBW (birth weight <2,500 g) and very-low-birth-weight (VLBW) infants (birth weight <1,500 g) are documented in well-designed clinical studies in developed countries and resulted in international recommendations [2] . Most of the infants who participated in those studies were premature infants (i.e. appropriate for gestational age, AGA). In 2010, 32.4 million babies were born small for gestational age (SGA), 27% of all births in low-and middle-income countries [6] . In those countries, >80% of SGA infants are born at term or near term. Well-controlled studies on health outcome of SGA near-term or premature infants in relation to their postnatal nutrition are lacking. In order to further improve feeding of SGA infants during the early period of their life, we need reliable data from clinical trials on long-term health outcome (growth, health, and neurodevelopment) in relation to postnatal nutrition.
Fortification of breast milk is necessary for the growing preterm infant because breast milk does not contain energy and nutrients in amounts required for optimal growth ( table 1 ) [7] . Fortified milk has a caloric density of 80-85 kcal/dl, assuming caloric density of native breast milk to be 67 kcal/dl. Expressed breast milk is frequently low in fat content and thus may contain fewer calories than the assumed 67 kcal/dl. Use of calories to quantify breast milk is a convenient practice, but we must always remember that the actual intake of calories is likely to be less than the stated value. Fortifiers provide energy in the form of carbohydrates and lipids because this enables meeting energy needs while keeping feeding volumes low. While the caloric density of the feeding increases with the addition of a breast milk fortifier, the main function of fortification is the increase in protein and mineral con- , mq  175  154  148  36  41  121-177  165  180  145  P, mq  120  107  102  20  19  68-99  83  100  96.1 tent of the milk. In order to meet those needs, a powdered or liquid breast milk fortifier is added to mother's milk. The addition of a fortifier to breast milk results in a doubling or tripling of the protein content and a fourfold increase in calcium and phosphorus content. The amounts of minerals and vitamins are designed to meet or exceed, together with the nutrients intrinsically present in human milk, the concentrations specified in table 1 . The protein provided by fortifiers (1.0-1.1 g/100 ml) is insufficient to meet the needs for protein at all times [7] . Protein intake only meets protein needs if and when the protein content of breast milk is at its highest, i.e. in the first 2 weeks of lactation, but it becomes progressively more inadequate as the protein content of breast milk decreases with the duration of lactation. Inadequate protein intake from fortified breast milk is the main cause of postnatal growth failure. Adequate protein intake can be achieved if the protein content of the fortifier is increased or if, in addition to the standard amount of fortifier, additional protein (e.g. whey protein) is added in a fixed amount, as in many newborn nurseries. There is no question that the amount of protein provided by commercial fortifiers is inadequate and that additional protein must be provided in some form. A fortifier with a protein content of 1.4 g/100 ml was recently found to be safe and resulted in better growth of VLBW infants when compared to 1.0 g/100 ml in a randomized controlled trail [8] . If breast milk is not available, specific formulas designed for premature infants are adequate choices.
Premature infants fed nonsupplemented breast milk grow slowly, which carries the risk of impaired neurocognitive development. In addition, premature infants can develop deficiency states of specific nutrients, such as osteopenia (Ca, P) or zinc deficiency. Improved growth, health, and neurodevelopmental outcomes of premature infants are strongly related to better parenteral and enteral (fortified breast milk) nutritional support [9, 10] . A clinical trial with formula-fed VLBW infants indicated that a protein concentration of 3.6 g/100 kcal is superior to 3.0 g/100 kcal in promoting weight gain [11] .
Ziegler [12] has recently shown that postnatal growth of SGA infants can be improved by nutritional intervention. In the year 2000, SGA infants failed to grow parallel to their weight-for-age z-score percentile channel ( fig. 1 ) , which was in contrast to the growth of premature AGA infants. Nutritional measures which were introduced at the University Hospital of Iowa, USA, during the last decade [12] , among them the increase of the protein:energy ratio of fortified breast milk to 3.2 g/100 kcal, resulted in satisfactory growth in the year 2010 ( fig. 1 ). It is of note that SGA infants receiving the nutritional support in the year 2010 did not show any signs of postnatal 'catch-up growth' which is associated with higher blood pressure, obesity, higher body fat content, waist circumference, and triglycerides as well as lower high-density lipoprotein and insulin sensitivity later in life both in animals [13] and humans [14] [15] [16] .
Term Infants 0-6 Months
It is well established that term infants benefit from exclusive breastfeeding during the first 6 months of their life [3] [4] [5] , but the majority of infants both in developing and developed countries are not fed according to WHO recommendations [1] . To evaluate how nonexclusive or no breastfeeding would affect growth and health outcome in the developing world, one recent study analyzed available datasets from different continents. Past studies have frequently limited their geographic coverage and thus sacrificed generalizability [17] . Data on early feeding patterns in developing countries in relation to growth Premature infants fed nonsupplemented breast milk grow slowly, which carries the risk of impaired neurocognitive development.
and health outcomes from the Demographic Health Survey (DHS; United States Agency for International Development) are in the public domain. The DHS includes nationally representative surveys of women aged years that ask about the health of each woman and her children as well as demographics and socioeconomics. In addition, the DHS asks about all foods that the woman's youngest child received in the past 24 h (recall method). A recent study examined multiple surveys (n = 54) from 20 developing countries (Africa, Asia, and Latin America [18] ). The study decided ex-ante to examine 20 countries from the African, Asian, and Latin American regions and selected these countries based on the following criteria: multiple survey years per country and the presence of information on infant feeding and maternal characteristics in each survey. Countries were selected to maximize these two criteria while also maintaining a distribution across the regions. In order to test for the representativeness of the subsample for overall feeding practices, mean feeding indicators from the subsample were compared with mean feeding indicators from the full sample of DHS countries. Mean feeding indicators are virtually identical between this subsample and the full sample of DHS surveys, which suggests that this subsample is representative of overall feeding practices in the full DHS sample. The sample consisted of 168,000 children divided across 3 age groups: 0-6, 6-12, and 12-24 months. Six types of food were of interest: exclusive breastfeeding, nonexclusive breastfeeding, non-milk liquids (e.g. fruit juices, water, and sugar water), solid foods, milk liquids (e.g. powdered or liquid animal's milk), and formula. Health outcome variables of interest were length-for-age z-score, weight-for-height z-score, and whether the child had diarrhea, fever, and a cough in the past 2 weeks. Percentages of infants <6 months in the study who were exclusively and nonexclusively breastfed or received no breast milk are indicated in table 2 . Corresponding percentages in the overall DHS sample were 34, 62, and 4%, respectively. Of particular interest was the group of nonexclusively breastfed infants, where 91, 37, 25, and 9% received non-milk liquids, solids, milk liquids, and formula, respectively. Exclusive formula feeding was recorded only in 70 out of 47,071 infants (0.15%). In a subsample of 37,750 infants between 0 and 6 months, information on a large set of confounding factors was available: childspecific factors, community resources, geographic factors, household resources, health behavior, and maternal occupation and education. In that subsample, Yarnoff et al. [18] recently analyzed growth and health outcomes in relation to feeding type, correcting for potential confounders. They employed a fixed-effect ordinary least squares regression technique, controlling for potential confounders with community year-fixed effects and control variables such as size at birth, vaccination status, maternal education (no formal education, incomplete primary, complete primary, incomplete secondary, complete secondary, and post-secondary education), maternal weight and height, maternal work status, number of household members, number of children in the household, and whether the family had agricultural land. Associations of the different types of feeding with growth and health were considered. Compared to nonbreastfeeding in the 20 countries, exclusive breastfeeding during the first 6 months was associated with a significantly higher length and weight and lower probability of diarrhea. Nonexclusive breastfeeding was also associated with beneficial effects on growth and health. During the first 6 months, there was no association of maternal education level with exclusive and nonexclusive breastfeeding. Mothers with higher education reported more frequently the use of infant formula and milk liquids. Infants of mothers that were working outside home were less likely to be exclusively breastfed and more likely to be nonex- Differences in z-scores between feeding groups (95% CI). 3 Percentage differences between feeding groups (95% CI). 4 Probability of disease. Percentage differences between feeding groups (95% CI). [19] . In addition, percentages of infants with stunting and wasting were calculated. The cutoffs for stunting and wasting were 2 z-scores below the median of the WHO z-scores (2.3rd percentile). Exclusively breastfed infants had significantly higher height and weight zscores than nonbreastfed infants and a lower probability of stunting and wasting ( table 3 ) . In addition, probability of different diseases was significantly lower. The differences were also significant when exclusively breastfed infants were compared with the whole cohort of nonexclusively breastfed infants including the subgroups who received different types of weaning foods, milk liquids, and formula. Exclusive breastfeeding could not be compared with exclusive formula feeding, because most individual country surveys had identified only <3 infants who were exclusively fed formula. Counterfactual analysis in the subgroup of infants between 4 and 6 months of age indicated trends of lower disease probability in exclusively breastfed infants ( table 3 ) . Breastfed infants had higher weight z-scores than nonbreastfed infants. The analysis confirmed that in infants below 6 months of age, both exclusive and nonexclusive breastfeeding was associated with beneficial effects on growth and health when compared to nonbreastfeeding. The limitations of all DHS data are that they are crosssectional, and dietary intake and morbidity are self-reported by the parents. Therefore, only associations can be presented here but no causal relationship. This DHS data review and analysis, like many other studies, strongly supports the importance of the WHO feeding recommendations for infants between 0 and 6 months [1] . Suboptimal breastfeeding results in >800,000 child deaths annually [20] . A systematic review of 110 randomized clinical trials and quasi-experimental studies recently indicated that educational or counseling interventions may increase exclusive breastfeeding by 90% from 1 to 6 months [20] . If such interventions will work, the exclusive breastfeeding rate could go up from 32 to 60% in the 20 countries in this analysis.
Feeding and Health during the First 2 Years
For infants who cannot be exclusively breastfed or when breastfeeding stops before 6 months, the best choice is the use of modern infant formulas. Feeding lowprotein formulas (1.8-1.9 g protein/100 kcal) now enables infants to grow according to the WHO growth standards, which are based on predominantly and exclusively breastfed infants [21] . In particular, the 'accelerated' weight gain which was reported when high-protein formulas were fed was no longer observed. Infants at risk of allergic diseases (i.e. as having at least 1 parent or biological sibling with a history of allergic disease) benefit from exclusive breastfeeding or feeding of a whey-based partially hydrolyzed formula (PHF-W; hypoallergenic formula). In a meta-analysis, the risk for allergy and atopic disease was compared in infants at risk of allergy who received either PHF or cow's milkbased formula at least until 4 months of age. Until 36 months of age, there was a significant risk reduction (incidence, cumulative incidence, and period prevalence) for both atopic disease and allergic diseases during most analyzed periods [22] . Recently, the German GINI study group published the 10-year follow-up results of infants at risk who had received PHF-W, extensively hydrolyzed casein formula (EHF-C), or
The analysis confirmed that in infants below 6 months of age, both exclusive and nonexclusive breastfeeding was associated with beneficial effects on growth and health when compared to nonbreastfeeding. German Infant Nutrition Intervention (GINI) study [23] RR for cumulative incidence at 10 years (95% CI) compared to cow's milk formula. PHF-W formula had no significant effect [22] .
PHF-W = Partially hydrolyzed whey-based formula; EHF-C = extensively hydrolyzed casein-based formula; AD = atopic dermatitis; RR = relative risk. cow's milk-based formula during the first 4 months of their life [23] . The relative risk for the cumulative incidence of any allergic disease ( table 4 ; intention-to-treat analysis) was 13 and 17% lower for PHF-W and EHF-C, respectively, compared with standard cow's milk formula. The corresponding figures for atopic eczema and dermatitis were -18 and -28%, respectively. In the per-protocol analysis (n = 988) effects were even stronger. The authors of the biggest well-controlled study so far concluded that the significant preventive effect persisted until 10 years of age. They also pointed out that the preventive effect was similar, but not better, than in breastfed infants. From a health-economic point of view, there is no doubt that the cheapest and best way to prevent atopic disease in a child at risk is exclusive breastfeeding. If breastfeeding is not possible, it has recently been shown that the hypoallergenic formula studied (i.e. PHF-W) was cost effective and even cost saving until 6 years of age when compared to cow's milk-based formula both for health insurances and the societal perspective [24] .
Infants at risk of vertical transmission or HIV infected at an early age in developing countries should be exclusively breastfed and receive antiretroviral medication [25, 26] . Those recommendations are valid in the community setting even though the quality of HIV clinical trials has recently been challenged [27] . There has been significant progress towards the goal of eliminating vertical transmission of HIV. Guidelines published by the WHO in 2010 place strong emphasis on exclusive breastfeeding until 6 months and continuation of breastfeeding until 12 months, in some developing countries overturning a prior emphasis on formula feeding. However, merely changing guidelines is not sufficient to change practice, particularly with regard to culturally sanctioned forms of feeding, such as mixed feeding [26] . Structural, social, and contextual barriers to effective implementation of the guidelines still exist and need to be addressed. If exclusive breastfeeding in developing countries is not possible or its duration is too short, a study in South Africa showed that the use of acidified infant formulas under the supervision of health care professionals can be considered [28] .
Infants and Young Children 6-24 Months
Continuation of breastfeeding is recommended during the age period 6-24 months [1, [3] [4] [5] . Data from the DHS in 20 developing countries ( table 5 ) indicated that almost 9 out of 10 infants were still breastfed between 6 and 12 months, but only 3% were exclusively breastfed. Fifty percent of nonexclusively breastfed infants received milk-based weaning food. Formulas played a minor role during that age period, because only 14% of the infants were exposed. Higher maternal education was associated with use of milk liquids, formula, non-milk liquids, and solid foods but not with breastfeeding. Maternal work status was associated with use of formula, but no association with other food types was found. Between 6 and 12 months, breastfeeding was associated with lower trends of disease probability. Weight z-scores and percentages of stunting and wasting were similar in breastfed and nonbreastfed infants ( table 6 ) . Breastfed infants who were fed milk-based weaning foods had significantly higher weight z-scores than breastfed infants who received only solids and non-milk liquids.
Seven out of 10 young children were still breastfed between 12 and 24 months. The survey did not allow analysis of data from mothers with short birth intervals. In the case of short birth intervals, percentages of young children who are still breastfed during the second year of their life are probably much lower. Less than 50% of breastfed infants received milk-based weaning foods. Only 12% of all infants were exposed to formula. Higher maternal education was associated with lower breastfeeding rates and more frequent use of formula and milk liquids. Maternal work status was not associated with any specific feeding pattern. Stunting and wasting rates were high and corresponded to international estimates [6, 29] . Continuation of breastfeeding during the second year of life was associated with slightly lower length and weight z-scores and no difference in disease prevalence. Higher weaning food diversity between 12 and 24 months was not associated with better growth outcome and lower disease probability. Interventions to improve length and weight z-scores and lower the high stunting rates include nutrition education and provision of complementary foods. However, evidence for the effectiveness of complementary feeding strategies at present is insufficient. Bhutta et al. [20] indicate that further effectiveness trials are needed in food-insecure populations with standardized foods (prefortified or nonfortified), duration of intervention, outcome definition, and cost effectiveness.
In developed countries and higher socioeconomic population segments in developing countries [6] , an important focus of early nutrition is on the prevention of later obesity. It is well documented that maternal overweight and obesity are risk factors, even in breastfed infants [21, 30, 31] . Protein intakes of breastfed infants are lower than those of formula-fed infants, and this is believed to be the reason why breastfed infants are at lower risk of obesity later in life than formula-fed infants [32, 33] . Protein requirements between 9 and 12 months are about 1 mg/kg/day [3, 34] , which corresponds to about 1.3 g protein per 100 kcal consumed. The recommended protein content of follow-up formulas (www.codexalimentarius.org/) exceeds these levels by considerable margins, especially in the case of growing-up milks, which are offered to young children from 12 months onwards. Direct evidence of the growth-stimulating effect of high-protein feedings has been provided by the prospective, randomized trial conducted in the European Obesity Project [35] . The feeding of formulas with a high protein content (2.2 g/100 kcal from 0 to 4 months; 4.60 g/100 kcal from 4 to 12 months) led to increased weight and body mass index at 1 and 2 years of age. It is worth noting that the lower-protein formula used in that trial between 4 and 12 months still had a protein content of 2.20 g/100 kcal, which was greater than the required level by a considerable margin. There should, therefore, be room for reducing the protein content of formulas without compromising protein intakes necessary for normal growth. Such a formula could have a protein concentra- see table 2. 2 Differences in zscores between feeding groups (95% CI). 3 Percentage differences between feeding groups (95% CI). 4 Probability of disease. Percentage differences between feeding groups (95% CI).
Feeding of formulas with a high protein content led to higher weight and body mass index at 1 and 2 years of age.
tion of <2.20 g/100 kcal but >1.30 g/100 kcal. Indeed, recent studies indicate that feeding low-protein formulas (1.61-1.65 g/100 kcal) between 3 and 12 months is safe and resulted in lower weight gain and body mass index in infants of obese [36] and nonobese mothers [37] . Lower IGF-1 levels in plasma were observed in infants of obese mothers who received the low-protein formula [36] . Low-protein formulas could be the next formula generation for infants older than 3 months and young children.
Conclusions
Nutrition during the first 2 years of life has short-and long-term effects on health. Both LBW and term infants benefit from breastfeeding. Breastfed LBW infants need protein and mineral supplements to achieve their growth potential. The DHS survey in developing countries confirms the growth-and health-promoting effect of exclusive breastfeeding from 0 to 6 months in 20 developing countries. Stunting and wasting rates between 6 and 24 months are high, but no clear associations exist between feeding patterns and disease outcome. In developed countries, randomized clinical trials show the health-promoting effects of hypoallergenic and low-protein formulas in nonbreastfed infants.
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